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5 Crowley Alden A-4 Oil Skimmer

A Operational Test Report

<

ABSTRACT The Environmental Protection Agency (EPA) tested the Crowley Alden
A-4 Oil Skimming System at its Oil and Hazardous Simulated Environmental Test Tank
(OHMSETT) facility in Leonardo, NJ. This testing was sponsored by the Naval Civil
Engineering Laboratory (NCEL). The tests were required as part of a Navy purchase to
assure that the product met or exceeded specifications in an RFP issued in 1985.

During these tests the skimmer recovered 2 to 3 gallons per minute (gpm) (7.5
to 11.4 liters per minute (lpm)] of oil. There was little or no variation in oil recovery
rate introduced by altering test conditions. In calm water, the skimmer recovery
efficiency was minimally 85 to 95%. Under wave conditions, the recovery efficiency
was 65 to 75%.

The test program included measurement of the maximum pump rate of an
ancillary double diaphragm pump. The greatest pump rate that should be expected
is 70 to 80 Ipm (18 to 21 gpm). Lower capacities were measured with added head, but
the pump performed equally well with DFM as with water. Overall, the skimmer met
or exceeded the performance characteristics required for inner harbor use,
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required as part of a Navy purchase to assure that the
product met or exceeded specifications in an RFP issued
in 1985.

During these tests the skimmer recovered 2 to 3 gallons
per minute (gpm) [7.5 to 11.4 liters per minute (1pm)] of
0il. There was little or no variation in oil recovery rate
introduced by altering test conditions. In calm water, the
skimmer recovery efficiency was minimally 85 to 95%. Under
wave conditions, the recovery efficiency was 65 to 75%.

The test program included measurement of the maximum
pump rate of an ancillary double diaphragm pump. The greatest
pump rate that should be expected is 70 to 80 1pm (18 to
21 gpm). Lower capacities were measured with added head,
but the pump jerformed equally well with DFM as with water.
Overall, the skimmer met or exceeded the performance charac-
teristics required for inner harbor use.
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DISCLAIMER

Although the research described in this article has been funded
wholly by the United States Navy through the United States Environ-
mental Agency under Contract No. 68-03-3203 to Mason & Hanger-Silas
Mason Co., Inc., it has not been subjected to the Agency's peer and
administrative review and, therefore, does not necessarily reflect
the views of the Agency and no official endorsement should be inferred.
The mention of trade names or commercial products does not necessarily

constitute endorsement or recommendation for use.
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2 FOREWORD
: Today's rapidly developing and changing technologies and industrial
) ) products and practices frequently carry with them the increased generation
of so0lid and hazardous wastes, These materials, if improperly dealt with,
ﬁ:: can threaten both public health and the environment. Abandoned waste sites
N and accidental releases of toxic and hazardous substances to the environment
b also have important environmental and public health implications. The Haz-
"o ardous Waste Engineering Research Laboratory assists in providing n
¥ authoritative and defensible engineering basis for ascessing and solving
these problems. Its products support the policies, preograms, and regula-
N tions of the Environmental Protection Agency; the permitting and other
,:- responsibiiities of State and local governments; and the needs of both large
:j and small businesses in handling their wastes responsibly and economically.
N
_f This report describes tests conducted on the Crowley Alden A-L 0il
. Skimmer at OHMSETT in May 1986. The report is presented by Mason & Hanger-
Silas Mason Co., Inc. as fulfillment of Contract No. 68-03-3203, Work As-
5 signment 13C. It covers the period between May 1, 1986 and June 3C,1986.
. For further information, please contact Richard A, Griffiths at the United
States Environmental Protection Agency, Hazardous Waste Engineering Research
Laboratory, Raritan Depct, Woodbridge Avenue, Edison, New Jersey, Telephone
No. 201-321-6600 Extension 6629,
W
"
>
"7 David Stephan, Director
> Hazardous Waste Engineering Research Laboratcry
o}
w
l\‘
N
\‘
S
.
i‘-
R
i
A
o
-
-
30
:x ix
»
~
*.'
s .."'
‘ .
NS
-';\i'a\'-l"‘f- T A e e e e e e e e e e e e -".~-‘..-".-‘“.»".-“.-.'.-‘“.--'.:‘..--‘."".~-'-"'-'.'-~".‘:i
A A o T S e s TN et 5 S




g CIATATOTRYLN B RSl LAl Sl S A A S A A S A A AL A AL L L N ERAE A A SN AN e o it it

P"

o

o

2

. FIGURES

! . Number Page
N 1 Recommended photograph for inclusion in Overating Manual 5
-;: 2 Photograph of debris testing using wood chips 26
3 Photograph of Skimmer operating in waves 27
N D-1 Calibration Results of Shipping Scale 48
A D-2 Calibration Results of Recovery Barrel 100F1 49
2 D-3 Calibration Results of Recovery Barrel 100C1 50
L}

S

Y

-

hY

AS

“~

-~

-2

”

o

g

“w

N

A ]

AY

A3

&S

>

~

N

-3 x1i

.I

¢
¥
N

I'.'

.

R R R S




Number

\‘

B-7

o A

B-8

Ay
RAPRANr N

v
..!'
@l
!
—t

)

(@]
i

o

35

LV - L
Lo
1"1 !. . LM Y

't

e .

RSN RS R o Iqﬁ
ara et las s.':,\,...s. PP SISy »&,&-&n

MECI - e S SR aAe e e iah Bat SRR RS R R

TABLES
Page
Sample Pump Test Results 8
Summary of Pump Test Results 16
Measurements for Determination of Bladder Capacity 11
Draft Measurements for Inoperative Skimmer 11
Parameters Measured in Each Test 15
Summary of Slick Thickness for Tests 17
Statistical Results of 0il Recovery Tests 21
Skimmer Criteria Evaluation Results 25
Detailed Test Data From Pump Test 1 31
Detailed Test Data From Pump Test 2 32
Detailed Test Data From Pump Test 3 33
Detailed Test Data From Pump Test L 34
Detailed Test Data From Pump Test 5 35 .
Detailed Test Data From Pump Testi 6 36
Detailed Test Data From Pump Test 7 37
Detaiied Test Data From Pump Test 8 38
Deivailed Test Data From Pump Test 9 39
Detailed Test Data From Recovery Barrel 100C1 42
Detaiied Test Data From Recovery Barrel 100C2 43
Detailed Test Data From Overall Recovery 44
Statistical Comparison of Intra-test Resultis 45
Detailed Data From Shipping Scale Calibration 47
in Lower Range
xiii




N

«-‘

o

N

(\

<N

) TABLES (continued)

; Number

;’i D-2 Summary of Weights Used for Higher Ranges
R D-3 Detailed Data For Shipping Scale Calibration
7 Higher Range

L D-L Detailed Caiibration Data for Barrel 10OF1
:}: Calibration

~ D-5 Detailed Calibration Data for Barrel 1060C1
. Calibration

A D-6 Detailed Calibration Data for Barrel 250C1
N Calibration

35 D-7 Detailed Calibration Data for Barrel 250C2
- Calibration

-

yi D-8 Detailed Calibration Data for Shipping Scale
o Calibration

- - E-1 Viscosity Measurements of the Test 0Oils

:i Pricr t¢ Dyeing

:i E-2 Other Physical Properties of the Test 0ils
e Prior to Dyeing

- E-3 Viscosity Measurements of the Test Oils

< After Dyeing

o

'j- E-L Other Physical Properties of the Test Oils
s After Dyeing

o E-5 Summary of Water Content Determinations

)

N~

'.;.

N

by A ]

&

%,

Ny

N,

\l

~
N xiv
L
-

1Y

..‘ /.




SR Dt et Il R NS AR AN NG e ALY G 2 lal § 4

. ‘-- "
PRI W RS, TR VRS O,

SECTION I

INTRODUCTION

Purpose of Tests

The U.S. Naval Civil Engineering Laboratory (NCEL) issued an RFP to
the general public in 1985. This RFP was for purchase of stationary oil skim-
mers specifically intended to recover small spiils of light o0il. The system
selected from the RFP responses was the Creowley Alden A-L., Prior to purchase
of the skimmers, the USN sponsored tests at the United States Environmental
Protecticn Agency's (EPA) 0il and Hazardous Materials Simulated Environmental
Test Tank (OHMSETT) facility. These tests are designed to document the
abilities of the c¢il collection system in accordance with the RFP, The tests
were not conducted to maximize skimmer performance. These tests were run from

19 May to 30 May 1986.

System Description

The Crowley/Alden A-L4 ¢il skimming system is intended to provide a
complete package for recovery of small spills of light o0il. The systiem con-
tains five basic units: the skimmer, a transfer pump, an air ccmpresscr, &
pertabie storage bladder, and support hoses. The system is marketed by

Crowley Environmental Services Corp. of Seattile, Washingtoen.

The skimmer is designed around an aluminum catamaran hull. FEach of
the hulls is cylindrical, 8 inches (203 mm) in diameter, 6C inches (152 m)
iong. The cyiinders are 2L inches (0.61 m) apart (center to center). There
are twe endless belts supported between the hulls. Fach belt is L inches
(162 mm) wide. The belts are driven by air/moter-driven squeegee rollers.
0il adheres to the belts and is then squeezed free by the roller/drums. The
0il falls into an 0il collection pan. The o0il is then transferred frem the

pan by an air-operated double diaphragm pump.

-1-
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e The pump used feor o0il transfer, which is inciuded as part of the
;2 system, is the Sandpiper SAl-A. The Sandpipe» pump is pneumatically driven.
A}: It is a double diaphragm pump with i-inch (2%-mm) fittings.
-;: The pump may, depending upen conditicns at the spill, discharge inte a
;: portable storage bladder. The biadder is a poiyurethane pillew tank manufeac-
o«

N

o) tured by Kepner Plastics Fabricators, Iuc. of Torrence, CA (Meodel SCPT3GC).
. The bladder has a designed voiume cf 3CC galliens (1.1 m?),

. ¢

o

:i The wringer/squeegee drive and transfer pump are eir-driven.
':ﬁ Compressed air for the system is provided by a gascline engine driven air

. compressor. The compresser is manufactured by ENERGAIR America, Inc. It is
ij driven by an 8-hp (6C KW) Briggs and Stratton gasoline engine.

s

)

‘q Four hoses are previded with the skimming system, tve 25-ft (7.6-m)
x.

- iong, l-inch (25-mm) diameter hoses, and two 25-ft (7.6-m) ieng Z-inch (6-mm)
n% diameter air hoses.
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SFCTION 2

CONCLUSIONS

The Crowley Aiden AL ¢il skimmer collected between 2 to 3 gpm (7.6 and
11.4 iiters/min) regardless of test conditions. The recovery efficiency in

caim water was in excess of 85% and sbove T70% in waves.

There were c¢perational difficulties encountered with the double diaph-
ragm pump shipped with the system. A replacement pump was used for part of
the testing. There were no operating problems other than those associated

with the pump.

The skimmer readily passed flcating debris in calm water. When sor-
bent material was intentionally placed on the collection belts, the
wringer/drive was blocked and jammed., Iv is considered remotely possible that
debris will be splashed onto the belts in waves as 0il was splashed over the

ponioons cnte the recovery belts.

Test conducted on the pump prior to recovery tests indicate that, with
minimal head, the pump will deliver 20 gpm (76 lpm) when driven by the system

compressor.

The recovered fluid storage bladder will contain in excess of 359 gal
(1.3 m?).

R O N U ULt P B O TR T Sy
‘u‘&'.ﬁ"&}k\k“‘a\a '-L o 1. ‘..4\:-\.4\.4‘?*‘! :A.‘B.‘.‘Aﬂ ‘Lh‘?.@‘ 'L‘AA‘I.‘L‘ .:A:‘A.:‘




DR IO

SECTION 3

RECOMMENDATIONS

Air Compressor

A pressure regulstor should be installed on the air supply line to
the air motor to ellow control of the belt speed from the compressor. The
needle valve at the drive motor is impractical. Regulation of belt speed
with the valve will require either retrieving the skimmer or taking a boat
10 the skimmer. Additionally, the wringer is designed to operate st a max-
imum air pressure of 80 psig (550 KPa). The compressor initially supplies
line pressure in excess of 100 psig (67C KPa). Without regulation, there

is a possibility of damage to the air motor.

Storage Bladder

The camlock arrangement, as built does not provide for emptying the
bladder. A l-inch double male camlock should be included for completeness.
When air is pumped into the bladder, it rises ito the top of the bladder and
escapes through the vent. It carries liquid from the bladder with it as it
is vented. Positive displacement pumps will routinely pump air if no 1ig-
uid is availsble. A baffle plate should be installed within the vent pipe

to prevent o0il loss through this mechanism.

Operating Manual

The operating manual should include more specific information
regarding the skimmer and skimmer operation. It wouid te useful t¢ the
operator to know, for example, that o0il spilling from the skimmer pan near
the rollers indicates that the pump rate should be increased. Photographs

or drawings such as the one shown in Figure 1 would be very helpful.

._q_
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0il Skimmer

A spare set of belts should be included in the kit along with in-

struction on signs of wear (frayed ends, etc.) which indicate that the

belts should be changed. During these tests, a check valive was installed

~ , o ‘, ','n.‘,/:' ~\¢:';.:£“ .4\ . ', "'- ST ‘.','. - .‘._

-\A\‘. “‘4- P, YA, Y

on the skimmer discharge pipe.

Figure 1. Sample photograph for inciusion in Skimmer Operating Manual.
This particular photcgraph shows an operating condition in-
dicating the the pump rate should be increased.
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\ SECTION L

N PRELIMINARY TESTING

Preliminary tests, not directly associated with oil recovery, were

. run prior to the o0il recovery tests.
\
o MEASUREMENT OF SKIMMER WEIGHT
- The skimmer was weighed when received. The dry weight of the skim- y
\ N
A mer with two belts and no hoses was 106 *+ 0.25 1b (48.2 * 0.6 Kg). )
4
i MEASUREMENT OF PUMP CAPACITY
j Pump Test Procedures
. Fill supply barrel with test fluid
o
j . Sample test fluid
f . Drain any residue from receiving barrel
2 . Take initial readings

Kl

Wait for compressor surge tank to reach full pressure

. Fully open air valve at pump

s"a s &

1
2
3
N
5. Start compressor
6
T
8

. Open supply barrel valve and start stopwatch
9. Measure heights
10. Record time and heights

11. Repeat steps 9 and 10 until fluid supply is depleted.

(g ing M4

12. Stop compressor

13. Set up for next test.

Ve a a AR




S
A K

2R AAARL

-

L
N N AR/

4

o P
SAA

'

‘l

[
s 8

’

[NENEN

‘ _‘.ﬂ_ﬁ‘f‘..‘-_'..'-_ B

NN N
SCSRNENENEREY

LE &~ & 8 %
aMfd 2.5

< .f Al
o o
2 .

o'a

e

o

"o A

Data Reduction

A complete data listing is given in Appendix B. A sample data col-

lection is given in Table 1 along with sample reduction.

Comparison of Water Tests

The recovery barrel height relative to the supply barrel is the only
difference between tests in the first and second series. Treating all
measurements as independent in each series, there are 5C measurements of
the pump rate with the recovery barrel elevated. These tests averaged 18.L
gpm (69.6 ipm) with a standard deviation of 1.50 gpm (5.7 1lpm). There are
35 measurements of the pump rate with the barrels at the same level, These
results show an average pump rate of 19.]1 gpm (712.3 lpm) with a standard
deviation of 1.39 gpm (5.3 1pm). The difference in pump rates of 0.7 gpm
(2.6 1pm) is significant. Statistical significance is shown using the
pooled estimates. From a practical point of view, the 2-m added discharge

head reduced performance by LZ.

Comparison of 0il Tests to Water Tests

Pump tests T through 9 were run using DFM as the test filuid. These
tests yielded an average pump rate of 20.5 gpm (77.6 lpm). These tests
were run with a flooded suction and the discharge hose elevated 72 inch
(1.83 m). Tests 1 through 3 were run under identical conditions with tap
wvater as the test fluid. These tests yielded an average pump rate of 2C.0

gpm (75.7 ipm). The resuits are statistically equivalent.

The DFM temperature was measured and found to be at either 76 or
66°F (24.4 or 19.4C). The viscosity of the 0il at these temperatures is
roughly 6 ¢St and the specific gravity is roughly 0.84., The properties of

the 011l make it indistinguishable from water at the test temperatures for

pumping purposes.
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TABLE 1. SAMPLE PUMP TEST RESULTS
Supply Receiving
Fluid Supply Supply Fluid Receiving Receiving
Test Level Fluid Fluid Level Fluid Fluid
Time Height Drop Rates Pump Rates Height Rise Rate Pump Rate
(min) (inch) (inch/min) (gal/min) (inch) (inch/min) (gal/min)
I 11 III v v VI VIiI
0 L5.63 - - - -
1 42,56 3.13 18.29 .75 - -
2 39.0C 3.5C 26,48 L.25 3.50 21.32
3 35.38 3.63 21.02 T.75 3.50 21.32
L 31.75 3.63 21.22 11,00 3.25 19.79
5 28.38 3.38 19.75 1L.50 3.50 21.32
6 24,38 L.00 23.41 17.50 3.00 18.27
T 21.50 2.88 16.83 20.75 3.25 19.79
8 18.00 3.50 20.48 2L.00 3.15 19.79
9 14.50 3.50 20.48 27.50 3.50 21.32
10 11.63 2.88 16.83 30.75 3.25 19.79
11 8.00 3.63 21.22 33.75 3.00 18.27
12 L.75 3.25 19.02 37.50 3.75 22.84
13 - - - L0.50 3.00 18.27
Average 19.94 20.17
Standard Deviation 1.41 1.41
Number of Observations 12 12
Degrees of Freedom 11 11
t 2.201 2.201
Pump Rate 19.9 * 1.2 gpm 2C.2 * 0.9
(75.3 * L.5) (76.5 + 3.L)
Column Description
I measured time, estimated precision * 1 sec
IT measured height, estimated precision *C. 25 inch
IIT computed rate R, = (H - Hy ) / (T -7
Iv computed pump rate, P2 = R2 5. 85 gal}lnch
\'s measured height, estimated precision * (.25 inch
VI computed as ITI
VII computed pump rate, P, = Ry*6.09 gal/inch
Average Arithmetic Mean
Standard Deviation N-1 weighted
Pump Rate Average * t*standard deviation// n’
_B_
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h The results of all pump tests are listed in Table 2,
3¢
o
?
o Observations
|";
oy When the air compressor completed filling the surge tank, the in-
o tegral pressure gauge showed approximately 100 psig (289 KPa). After 6 or
" 7 minutes of operation, the pressure typically fell to 60 to 7C psig (410
- to 480 KPa) and remained there for the remainder of the test. Vibration of
s
:4 the gauge needle prevented accurate reading of the pressure.
\'
o
. As the pump operated, variations in pump speed could be heard.
There did not appear to be & pattern to the variations.
)
&
~:: The fluid withdrawn from the supply barrel occasionally showed a
’i vortex, particularly as the level was diminished., When observed, the
A_ supply tank was stirred to eliminate air entrainment while the vortex was
\ﬁ present. However, the pump suction was not truly flooded.
~
~°
»
;‘ Measurement of Fuel Consumption
. The outside dimensions of the gasoline tank on the compressor were
&5 measured as 4.5" x 9.25" x 2.75" H (114 mm W x 235 mm L x 70 mm H). The
.
w height of gmesoline in the tank at the start of the compressor was measured
. and the height was measured again when the compressor was stopped 33:11
fi iater. During that time, the height in the tank dropped 1 3/8 inches (35
:: mm) . This indicates a fuel consumption rate of 0.45 gal/hr (1.7 1ph) and
ﬁ' indicates that approximately 1.1 hour running time can be expected. This
i corresponds well with the observed running time during the tests.
:f BLADDER CAPACITY
\J
The bladder was placed on a clean concrete slab. The air vent and
:3 spigot fittings were installed. One 250-gallon (250C2) barrel was filled
o,
js with salt water to a height of LL4 inches (1.1 m). One length of hose was
fﬁ connected to the bottom spigot of the barrel and the other end to the fill-
) -9-
‘.
..\
2
<.
)
.. ...... e N \" "\...‘.\ '.._ _u‘. [N - ‘e )
e ‘n\.‘-'\-'n..'-"\{:m.i,.l.'!-L;\-ﬁ-\n\.\.‘l- ;i)j:& MMMML“LLAAAM.._-_.LALA}’A :_;_J.z.‘ - 4"




]
24

Worys |8

/

»
-

YV IXYY,

4

P

55

A

TABLE 2, SUMMARY OF PUMP TEST RESULTS

Receiving Supply " *
Barrel Barrel Discharge 2 Suction b
Pump Rate Pump Rate Head Lift

(gpm) (gpm) (m) (m) Fluid
20.b 1.0 7€ 1.83 Flooded Tap Water
(77.2 + 3.8)%d
19.6 *+ ¢.8 - 1.83 Flooded Tap Water
(74.2 *+ 3.0) -
20.2 * 0.9 19.9 + 1.2 1.83 Flooded Tap Water
(76.5 + 3.L) (75.3 *+ L.5)
19.3 + 0.7 18.8 + 1.1 3.72 Flooded Tap Water
(73.1 + 2.6) (71.2 * L.2)
19.1 * 1.0 19.9 + 0.9 3.72 Flooded Tap Water
(72.3 + 3.8) (75.3 * 3.h4)
7.4 * 0.3 - 3.72 0.96 Tank Water
(65.9 + 1.17) ©

20.6 * 1.3 19.8 + 1.2 3.72 Flooded DM @ T6F
(78.0 *+ 4.9) (7T4.9 = L.5)
2¢.9 * .8 20.5 * 0.5 1.83 Flooded DM @ 66F
(719.1 *+ 3.0) (77.6 + 1.9)
20.5 * 0.5 20.6 * 0.5 1.83 Flooded DFM @ 66F
(77.6 + 1.9) (78.0 + 1.9)
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For the purpeses of this report, the discharge hood is considered to the
height of the top of the discharge barrel above the pump suction port.

For purposes of this report, the suction 1ift is considered to0 be the
height of the suction part above the surface of the supply liquid.
"Flooded" indicates that the liquid was above the suction port.

A dash indicates that the data was not collected.

Vaiues in parentheses are equivalent pump rates expressed in liter per
minute.
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ing spigot on the bladder. Both valves were opened and the tank was
drained to a water level of 5 inches (127 mm). The 250-gal barrel was
refilled to a level of 27.25 inches (692 mm) and drained until water began
to0 constantly flow from the air vent and runover was visible in the vent
pipe. The valves were then closed. The height of the water was 2 inches
(51 mm). The capacity of the bladder was computed (as shown in Table 3) to
be 376 * 3 gallons (1379 * 12 liter).

TABLE 3. MEASUREMENTS OF HEIGHT IN WATER SUPPLY
BARREL USED TO DETERMINE BLADDER CAPACITY

Starting Finishing
Height Height Difference Volume
(in) (in) (in) (gal)
44,00 + 0.13 5.00 1 0.13 39.00 * 0.25 228.3 t 1.5
27.25 + 0.13 2.00 * 0.13 25.25 + 0.25 147.8 + 1.5
Total 376.1 + 3.0

(1379 *+ 12 1)

SKIMMER DRAFT

The skimmer was placed in the tank in calm water. The depth of each of
the pontoons was measured fore and aft with a ruler. The skimmer depths
without operation are listed in Tabie L. In operation, the draft was noted to

be as much as 0.75 inches (20 mm) greater than the values listed.

TABLE L. DRAFT MEASUREMENTS OF INOPERATIVE SKIMMER (INCH)

Forward Aft
Fort Starbeard Port Starbeard
inch 3.50 * 0.2% 3.50 + 0,25 L.50 + 0.25 L,50 + 0,25
(mm) (89 + 6) (89 + 6) (114 + 6) (114 + 6)

-11-
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SECTION 5

OIL RECOVERY TEST

TEST SETUP

A triangular test area was established in the test basin. The boom
normally installed under the auxiliary bridge (24-inch 0il Fence) formed the
base of the triangle. The east tank wail formed the height of the triangle.
The hypotenuse of the triangle was formed by another section of boom (Goodrich
Square-D). The base was measured and found to be 29 ft (8.8 m) long. The
height was measured and found to be 373 ft (11.4 m) long. The length of the
hypotenuse was used to check that the triangle approximated a true right
triangle. The measured length agreed with the computed length to within 1%.
The ares of the water surface bounded by the booms and tank wall is considered
to be 5LL ft? (50.5 m?).

The skimmer was placed inside the triangular area. The skimmer was
secured using 3/8-inch (7 mm) polypropylene ropes at convenient places around
the test triangle. The ropes were tied to the handles on each end of the
skimmer pontoons. The compressed air supply hose and pump suction heose were
connected t0 the skimmer from the pump and compressor on the auxiliary bridge.

The compressor and pump were 9.5 ft (2.9 m) above the water surface.

0il was pumped to the test area from the o0il farm north of the test
area. The oil was pumped from storage using a Viking rotary gear pump through
a Tokheim positive displacement meter and approximately 50C ft (152 m) of 2-
inch diameter pipe and hose. The end of the hose was fitted with a 1/2-inch
ball valve to fine tune the flow rate. A totalizing turbine fiow meter

(Barton) was installed in the hose run prior to the 1/2-inch valve.

-12-
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An oil slick was established by pumping 67 gallons (253 1) of oil from
the storage area onto the water surface within the confines of the trianguiar

area, This volume was determined as t¢ provide a 5-mm slick.

After the slick had been estimated, the air compressor was started.

Air pressure was applied to the belt drive motor to start the best movement.
0il1 feed was then started at 2.5 gpm (9.5 1pm) (nominal) and air was supplied
to the recovery pump. Test time was started when fluids were first discharged
from the pump into the recovery barrel. The conical bottom barrel was used
first to capture recovered fluids. Approximately halfway through the test the
discharge hose was transferred to the second barrel, a fiat-bottom barrel., At
the end of the test, air was removed from the pump and squeegee drive and the
0il supply was stopped. Test Ti did not use the triangular test area. Other

than this, there was nco varistion from the procedures.

The belt speed was measured using a marker on the starboard belt three
times during a test. This was done by measuring the time required for six
compiete revoluticons of the belt. Belt speed was measured at the start of the
test, when the hose was moved from barrel to barrel, and at the end of the
test. The time of ¢il addition was measured, and the total 0il volume added.

The time of recovery in each recovery barrel was measured.

After the recovery was complete, the depth of fluid in each recovery
barrel above a specified datum plane was measured with a ruler and recorded.
Bettom spigot valves were copened teo allew free standing water to drain. As
much free standing water as pcssible was drained from each barrel. The height
of the remaining 1liquid was measured and samples were taken using stratified
sampling thieves. The thieves were carried to the laboratory for determina-

tion ¢f water centent in the oil-rich phase.

When waves were required for the test, the wave generator was started
and allowed to operate for 15 minutes pricr to the start of the test. The

wave generator operated with a 1.5-inch strcoke at 45 rpm. Wave forms were not
_13_
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measured., Historically, these conditions produced harbor chop with a one-

third significant wave height of 1.0 ft (C.32 m).
DATA REDUCTION

After each test, the data that was recorded included the parameters
listed in Table 5. This data was reduced to obtain the 0il recovery rate and

recovery efficiency.

0il Recovery Rate

First the volume of 0il in barrel 100C1 was determined using the
stripped height calibration function (see Appendix D) and water content as

determined at the laboratory.

Voo = (2.92%H., + 5.95)(100 - P_)/100. (=] gallien
Similarly the volume of 0il recovered in barrel 10CF1 was determined as
Vop = (2.60 Hp, - 0.21)(100 - Pg)/100. [=] gallon
The total volume of recovered oil VOT was then calculated as

Vor = Voc * Vor [=] galloen

The 0il recovery rate associated with each volume was then calculated.

The 0il recovery rate in barrel 100C]1 was calculated as
ORRy = Vpo/tg- [=] gallon
The o0il accuracy rate in barrel 100F1 was calculated as

ORRp = Vop/tgp [=] gallon

__1“_
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TABLE 5. NOMENCLATURE OF TEST PARAMETERS

RSN It A A A A A A B % 2 Th th 9 A A0l h g uad el 0t SR ANN

Unit of
Parameter Measure Symbol
Initiael height in barrel 100C1 inch HCl
Stripped height in barrel 100C1 inch ch
Initial height in barrel 100F1 inch HFl
Stripped height in barrel 10CF1 inch HF2
Time of discharge to barrel 100C1 min te
Time of discharge tc¢ barrel 100F1 min tp
Water content in stripped 100C1 % Py
Water ccontent in stripped 10CF1 % Pp

The overall 0il recovery rate was calculated as
ORRy = Vop/(ty + t¢) [=] gpm

Recovery Efficiency

Recovery efficiency is defined as the ratic of the volume of o0il

recovered te the voiume of total fiuid recovered multiplied by 100
RE = 100 Va/V,

Like the c¢i1 recovery rate, the recovery efficiency was calculsted first for
the cconical bottom barrei, then the flat bottom barrel, and then the overall
recovery efficiency. The recovery efficiency in barrel 100C1 was calculated

as

PR. = [(2.92 Hep + 9.99)(300 = P)1/[2.92 Hoy + 5.951. (=] %
The reccvery efficiency in barrel 100F1 was calculated as

FEp = [(2.60 Hpy - €.21)(100 - PR)1/(2.60 Hpy - 6.21] [=] %

Finalliy, the cverail reccvery efficiency was calculated as

RE, = [(2.92 Hpp + 5.95)(160 - Pp) + (2,60 Hp, ~ €.21)(100 - Py)l1/
[2.92 Hpp + 2.60 Hpy + 5.74] (=] 7
— “ 5_
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yﬁ Detailed listings c¢f data can be found in Appendix C.
g
4_‘.
F- Test Slick Thicknesses
- Slick thickness was calculated for each test based on the test area
and an ¢0i]l material balance. The volume of ¢il distributed into the test area
prior to a given test but after the prior area cleaning was totaled. The
recovered oil velumes of the same tesis were subtracted to determine the es-
timate of the voiume of ¢0il at the start of the test. This volume was divided
x by the area bounded by the booms and the wall (assumed to be a right triangle)
:; to determine the siick thickness. The slick thickness at the end of the test
:& was computed by adding the volume of o0il distributed during the test to the
t: previcus veolume and subtracting the volume of ¢il recovered during the test.
. This volume was then divided by the area to determine the ending slick
fi. thickness.
;3 In order to maintein & slick thickness, the ¢il recovery rate of the
/:_ skimmer must be known. This was als¢o one of the parameters to be determined
Eéj by the tests. The time lag between testing and receiving the lab results
%; being availabie prohibited accurate balances during the early tests., When the
N restits from the early tests were available, determination of slick thickness
) was possible. The early tests were run with DFM in calm water. Variation in
E:i slick thickness during these tests was comparable. In general the slick was
’tg thickening from first te last. Later tests previded much better control of
:?f the slick thickness. The test slick thicknesses are listed in Table 6, along
., with the values use to calculate them.
%: EXPECTED ERROR IN INDIVIDUAL TEST RESULTS
)
Jé The expected errcr in the caliculatec resuits is based on measurement
qg errors ¢nly. The measurement errors will apply only to the initial and
i: siripped heights in the recovery barrels, pumping time and water content in
jﬁ the sampied fivids. The expected errors are taken as * (.25 inch for height
.;: -16-
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~J: measurements and * 5 seconds for time measurements. The measurement error for
j§ water content varies over the range of measurements.
"\
. The water content was determined using the procedures outlined in ASTM
b
: D-1796. This invelves determ.nation of the volume of water in a given sample
w,
\; of meastured volume. The JP5 and DFM could not be emulsified to obtain a
4: single sample for analysis even with the addition of chemical emulsifying
v agents. This forces the analysis to determine the water centent in from one ’
;: 10 three segments of the collected fluids for each sample tsken, The total
:i sample volume and determined water volume were then used to determine the
< relative water percentage by voliume as
r
- P = 100 Vip/Vgp
:} where
]
:4 VWT is the total measured water veclume
1
~t Vgp is the total measured sample volume
;I
: and P is the relative water percentage by volume (0-1C0)
<.
{: The total water volume, Vy, is the sum of the water volume in each
‘1‘\
g segment of the sample
‘~..
o =
- Vwr = Vs1 * Vso * Vg
- The number of segments varied from one to three depending on total sample
*&* velume. In generali, there were twc segments per sample. Some samples had a
N
,\j single segment and one sample had three segments,
3
‘% The error in measured total volume is taken as * 1 ml per segment.
—~ The error in measured water volume in each segment is taken as
~
-
s
e
‘.
S -18-




dVyy
dVyi
dVyg
and dvWi

I+

t+

1

+

.02 ml
0.20 mi
C.30 m1
¢.50 ml

for < vwi$2
for 2« Vy 35
for  5<¢ V4 <10
for 10<¢ V4 £20

Neo segments contained more than 20 ml of water.

is given in Appendix E.

A summary of all lab analyses

Sample Calculation of Expected Error (Actual Data from Test T3R2)

Measurements Made on the Test Tank

Hoq
Heo
Hpq
Hpo
te
tp

Measurements Made in Laboratory

Sample

T3R2-C1-1
T3R2~-C1-2
T3R2-C2-1
T3R2-C2~2
T3R2-F1-1
T3R2-F1-2
T3R2-F2-1
T3R2-F2-1

Computed Water Content in Samples

Sampie
ID

T3R-C1
T3R-C2
T3R-F1
T3R-F1

2G.00
14.00
23.75
20.00
23:00
22:00

Th
Th
66
TG

Pe
Pp

o 1+ 1+

NN

[}

inch
inch
inch
inch
min
min

Total Volume
(m1)

@ O
O \n

e

Segment, Volume

(m1)

50 1
2L+ 1
50 + 1
2L + 1
S0+ 1
16 + 1
50 + 1
20 + 1

Water Volume

(m1)

I+ 14+ 14+ 1+

..........

14+ 4+ i+ I+

Water Voiume
(m1)

....
CoOOCONMOWVO
i SRS s

—t
1+
O .

NO NO OO OO

Relative
Water Volume

--------
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Fluid Velume Calculations

Vop = 2.92(20.00) + 5.95 = 6L.,L + 0.8 gallon
Vpp = 2.60(23.75) - 0.21 = 61.5 * 0.7 gellon
Fop = 126 + 1.5 gallon

0il Volume Calculations

Voo = [2.92(14.00) + 5.951[(100-0.5)/100] = L46.6 *+ G.9 gallon
Vpo = [2.60(20.00) - 0.21][(100-8.9)/10¢] = 7.2 * 1.3 gallon
Voo = 93.8 + 2.2 gallon

Fluid Recovery Rates
FRRq = (6h.y + 0.8)/(23 + 0.1) = 2.8 + 0.05 gpm
FRRp = (61.5 + 0.7)/(22 *+ 0.1) = 2.8 * 0.0k gpm
FRR, = (126 * 1.5)/(L5 + 012) = 2.8 * 0.05 gpm

0il Recovery Rates

ORR, = (L6.6 + 0.9)/(23 + 0.1) = 2.0 * 0.05 gpm
ORRp = (47.2 * 1.3)/(22 ¢+ 0.1) = 2.1 % 0.07 gpm
ORR; = (93.8 + 2.2)/(45 £ 0.2) = 2.1t 0.06 gpm

Y TE
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> Recovery Efficiencies
1y
s
e RE, = 100(46.6 * 0.9)/(6k.k + 0.8) = T2+ 3%
4
‘ REp = 100(L7.2 * 1.3)/(61.5 * 0.7) = 77 * 37
)
o
. RE; = 100(93.9 * 2.2)/(125.9 + 1.5) = 75 ¢ 3%
-‘
-
-"
‘%- This procedure was performed for each test. On the basis of this and
e similar results, the probable error in stated recovery rates (both oil and
. fluid) is 0.1 gpm. The probable error in recovery efticiency is * 5% oil.
w TEST RESULTS
N The skimmer was tested under three conditions: It was first tested in
A
- calm water with two oils, DFM and JPS5. (The physical properties of the test
:: o0ils are listed in Appendix E.) The skimmer was also tested with DFM in a
”f 0.32-m harbor chop. A statistical summary of the test results is given in
- Tablie T.
7
- TABLE 7. STATISTICAL RESULTS OF OIL RECOVERY TESTS
- Test ORR RE
b 0il Condition (gpm) (%) ar
aI
2
<« DFM Calm* 2.7 + C.b 88 + 6 3
5 JP5 Calm 2.4+ 0.b 93 + 1 L
‘< DFM Waves 2.3 + 0.1 70 + 8 3
\:. DFM Waves*® 2.2 + 0.2 73 + L 2
3
;..'
- *  Excluding Test Th
; #1  Excluding Test T3
e,
7
\c’
)
& -21-
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Calm Water Tests

DFM--

Tests using DFM showed an average recovery efficiency of 88%. The stand-
ard deviation was 3.2%. With three degrees of freedom, the 95% confidence
level range is estimated as *+ 6%. The variation in results is outside the ex-
pected error range of any given set of measurements. There does not appear to¢
be a correlaticen with the estimated slick thickness ¢or belt speed. The inter-
test variation is considered to be caused by naturally-occurring discrepancies
in uncontrolled independent variables (e.g., time the skimmer spent in wind
induced thin slicks, belt age, supply air pressure, etc.). The ¢il recovery
rate averaged 2.7 gpm (1C.2 1pm). The standard deviation was C.3 gpm {1.1
lpm). The 95% confidence level is estimated as G.4 gpm (1.5 1pm). The varia-
tion again exceeds expected error induced from measurement and considered to
be caused by the above mentioned sources. In this case, however, there ap-
pears to be a relationship with belt speed. The 0il recovery rate decreases

with increasing belt speed.

JP5-=

Tests using JP5 as the test 0il showed an average recovery efficiency of
93%. The standard deviation was 0.86%. With four degrees of freedom, the 95%
confidence range is 1.1%. This agrees well with the expected error from
measurements. The 0il recovery rate averaged 2.4 gpm (9.1 lpm) with & stand-
ard deviation of ¢.28 gpm (1.1 ipm). The 95% confidence range is C.4 gpm

(1.5 ipm).

_22_
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Wave Tests

Wave tests were cnly run with DFM as the test oil. These tests showed a
decrease in recovery efficiency to an average of T0%. The standard deviation
was L.2%. With three degrees of freedom the 95% confidence range is * T%.

The variation in test results can partially be attributed to the random ef-
fects ¢f wave interaction. Test T3 is a marginal outlier. If it is excluded,
the average recovery efficiency was 73% with a standard deviation of 1.4%.

The 95% confidence range without T3 is * 3.5%., The average 0il recovery rate
for these tests was 2.3 gpm (8.7 1lpm) with a standard deviation of 0.2 gpm
(.8 ipm). The associated 95% level of confidence range is 0.3 gpm (1.1 1pm).
Again treating test T3 as an outlier shows an average 0il recovery rate of 2.2
gpm (8.3 1lpm) with a standard deviation of 0.1 gpm (0.4 ipm). The associated

95% level of confidence range is 02. gpm (0.8 1lpm).

The results show an intra-test result as well. The skimmer showed higher
perfcrmance later in each test. The results are generally not statistically
significant. This result is more fully discussed in Appendix C.

Debris Test

In Test T8, the skimmer was operated as in other tests with DFM in calm

water. JSelected debris was placed near the bow of the skimmer. Two types of

debris was selected 1" x 3/4" x 3/L" (25 mm x 19 mm x 19 mm) wood chips and 2"

x 12" x 1/4" (%1 mm x 305 mm x 6 mm) sorbent (3M Sorbent 100) strips. Roth

types of debris was readily passed by the skimmer (see Figure 2). When sor-
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bent was placed on top of the skimmer, however, it jammed the roller-squeegee
drive mechanism. It could only be freed by manually rolling the drive rollers

backwards. The sorbent was readily removed by hand.

This test was not repeated in waves. During wave tests, however, cil was
splashed over the skimmer pontoons onto the recovery belts (see Figure 3). It
is considered that, if debris had been present, the debris could have landed

on the belts and had the same effects.

Actual Versus Desired Results

The Crowley-Alden A-4 o0il skimmer met or exceeded 14 of 15 Navy
criteria for cleaning up small oil spills. The actual results are
compared against the desired values in Table A-1. The only criteria the
skimmer did not meet was the wave impact requirement of 80% oil recovery
efficiency (ORE) in 1-fcot, choppy waves. However, the skimmer just

missed the requirement with a 70% ORE, so its performance is acceptable.
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TABLE 8. SKIMMER CRITERIA EVALUATION RESULTS

Results
Criteria

Desired? Actual
Type of oil DFM & FP-5 DFM & FP-5
Self-sufficient system Yes Yes
Operating manpower None None
Recovery rate 120 gph 120 gph
Deployment time 20 min <20 min
Wave impact 1 ft/80% 1 ft/70%
Proven equipment Tested EPA tested
0il recovery efficiency 80% 65-95%

Portability
Maintainability
Set-up manpower
Debris impact
Storage capacity

Maximum draft

1/2-ton truck
Easy

2 people
None
200 gal

6 in.

1/2-ton truck
Easy
2 people
None
375 gal

5 in.

a
Reference

J Zimmerle. Proposed Criteria for the Selection of
a New Inland Oil Skimmer, Naval Civil Engineering
Laboratory, Technical Memorandum M-54-84-08, Port

Hueneme, Calif, Jun 1984
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. The functional testing included debris tests. This photograph
shows wooden blocks floating both in front of the skimmer and
immediately behind the skimmer. Debris presented to the skim-
mer was readily passed without interference with belt operaticn.
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The testing of the skimmer with debris did not include a wave
test. In debris-less wave tests, however, cil was frequently
spiashed ¢ver the sides of the skimmer and onto the belt as
shown abeve. Tt is felt that if debris had been present, it,
too, would have been spilashed onto the belts.
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APPENDIX A
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

The U.S. Environmental Protection Agency operates the 0il and Hazardous
Materiais Simuiasted Environmental Test Tank (OHMSETT) located in Lecnarde, New
Jersey. This faciiity provides an environmenteily safe place to conduct
testing and development ¢of devices and techniques fer the control and clean-up
of 0il and hazardecus meterial spills.

The primary feature of the facility is a pile-supported, concrete tank
., with a water surface 203 meters long by 2C meters wide and with a water depth
. of 2.4 meters. The tank can be filled with fresh or sait water. The tank is
spanned by a bridge capable of exerting a horizontal force up te 153
kiienewveons while towing ficating equipment at speeds te 3.3 meters/second
(6.5 knovs) for at least LUC seconds. Sicower speeds yield ienger test rure,

The towirng bridge is equipped te lay ¢il or hazardecus materisis on tle curtace
of the water several meters ahead ¢f the device being tested, sco tlat
reprodicitble thicknesses and widihs of the test siicks can be nctieved wit?
minimum interference by wind.

-28-
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The principal systems ¢f the tank include a wave generator, & beach, and
a filter system. The wave generator and absorber beach can produce regular
waves to C.6 meter high and to 45 meters long, as well as a series of 0.7
meters high reflecting, complex waves meant to simulate the water surface of a
harbor. The tank water is clarified by recirculation through a L1¢ cubic
meter/heour diatomaceous earth filter system to permit full use of a
sophisticated underwater photography and video imagery system and o remove
the hydrocarbons that enter the tank water as a result of testing. The towing
bridge has a buiit-in ¢il barrier which is used to skim o0il to the North end
of the tank for cleanup and recycling.

When the tank must be emptied for maintenance purposes, the entire water
volume of 98CGC cubic meters is filtered and treated until it meets all
applicable State and Federal water quality standards before being discharged.
Additional specislized treatment may be used whenever hazardous materials are
used for tests.

Testing at the facility is served from a 650 square meters building
adjacent to the tank. This building houses offices, a quality contred
laboratory (which is very important since test fluids and tank water are both
recycled), a small machine shop, and an equipmenti preparation aresa.

This government-cwned, contractor-operated facility is available for
testing purposes on a cost-reimbursable basis, The operating contractor,
Mason & Hanger-Siias Mason Co., Inc., provides a permanent staff of twenty
muiti-discipiinary personnel. The U.S. Environmental Protection Agency
provides expertise in the area ¢f spiil control technology and overall project
directicn.

For additional information, centact: Richard A. Griffiths, OHMSETT Project
Officer, U.S. Environmental Protecticn Agency, Hazardous Waste Engineering
Research Laboratory, Reieases Control Branch, Edison, New Jersey C8817.
Telephone: 201-321-6629,
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APPENDIX B
DETAILED PUMP TEST DATA
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TARLE B-1. PUMP TEST 1
E: Test fluid: +tap water
b Discharge head: 1.83 m
Suction iift: flooded
Suction barrel: 250C1
v Discharge barrel: 250C2
k; Water Level
. in Receiving Rate of
. Time Tank Water Rise Pump Rate
F: (min) (inch) (inch/min) (gpm)
- 1.5 3.50 - -
= 4 11.25 3.10 18.88
6 18.00 3.38 20.56
- 8 2L, 75 3.38 20.56
” 10 31.75 3.50 20.56
- 12 38.50 3.38 20.56
L e - _—
| Average Deviatiocn 20.37
» Standard Deviation .80
» N 5
o t 2.776
- Pump Rate 20.L + 1.0 gpm
;3 (77.2 + 3.8 1pm)
[N
)
‘ 4
-
A
on
L
\4
\ﬂ
>
14
n
N -31-
I-J
>,
B
9
15
:-’-I‘J‘_I"‘J‘_n‘\"_'- J-_.\(.ﬁ A r#'-f‘_.\-\-.r-.:_-.r\.‘ \1.-‘_. N \

‘\‘ A




]

TABLFE B-2. PUMP TEST 2

foeles

Test fiuid: tap water
Discharge head: 1.83 m
Suction 1lift: flooded
Suction barreil: 250C2
Discharge barrel: 25CC1

I

M Water Level
in Receiving Rate c¢f

-l Time Tank Water Rise Pump Rate

= (min) (inch) (inch/min) (gpm)

2

>

Eo 0 - - -

2 k.50 - -

= 4 11.50 7.00 26.L8

;; b 18.25 6.7 19.75

S 8 25.00 6.75 19.75

'S 10 32.00 T7.00 20.L48
™ 12 38.50 6.50 19.02

o 1L LL.75 6.25 18.29

- .

;j Average Deviation 20.48 gpm
L Standard Deviaticn 19.75 gpm
i N 6

a ‘t; 2 . 571

. Pump Rate 19.6 + 0.8 gpm
ZQ (Th.2 + 3,0 1pm)
AS

¥
1
N
A

.




§) TABLE B-3. PUMP TEST 3

o

. Test Fluid: Tap water

. Discharge head: 1.83 m

Suction 1lift: flocded
Suction barrel: 250C1

:: Discharge Barrel: 250C2

2

"\

™y

' Water Level

~ Height in Rate Water

o Receiving of Water Pump Level Rate of Pump
; Time Tank Level Rise Rate in Supply Level Fall Rate
L (min)  (inch) (inch/min) (gpm) (inch) (inch/min) (gpm)
¥

0 - - - 45.63 - -

- 1 0.7 - - 42,50 3.13 18.29
‘- 2 L.25 3.50 21.32 39.00 3.50 20.48
"~ 3 T.75 3.50 21.32 35.38 3.63 21.22
- L 11.00 3.25 19.79 31.75 3.63 21.22
: 5 1L.5¢ 3.50 21.32 28.38 3.38 19.75
o 6 17.50 3.00 18.27 24,38 L.00 23.41
’. 7 20.75 3.25 19.79 21.50 2.88 16.83
< 8 2Lk.00 3.25 19.79 18.00 3.50 26.L48
- 9 27.50 3.50 21.32 14.50 3.50 2¢.L8
-, 10 30.75 3.25 19.79 11.63 2.88 16.23
= 11 33.75 3.00 18.27 8.00 3.63 21.22
o 12 37.50 3.75 22.84 L.75 3.25 19.02
E- 13 Lo.50 3.00 18.27 - - -
L - — - -
R "

Average Deviation 20.17 19.9L4 gpm

p." Standard Deviation 1.41 1.84 gpm
N N 12 12

: t 2.201 2.201

. Pump Rate 2C.2 + 0.9 19.9 + 1.2 gpm
. (76.5 *+ 3.4 1pm) (75.3 + 4.5 1pm)
>

I

A
'

~

N
A
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TABLE B-L. PUMP TEST L

b I o Y N

Test fluid: +tap water
Discharge head: 3.79 m
Suction 1ift: flooded
1 Discharge barrel: 250C1

N Suction barrel: 250C2
N .
A
ho" Elap- Water Level Rate of Height of Rate of
sed Receiving of Water Pump Water in Level Pump
Time Tank Level Rise Rate Supply Fall Rate
(min) (inch) (inch/min) (gpm) (inch) (inch/min) (gpm)
0 - - - 45.00 - -
1 - - - 41.75 3.25 19.062
N 2 L.s0 - - 38.00 3.75 21.95
N 3 T.50 3.00 18.27 34.50 3.50 20.L8
k.. L 10.75 3.25 19.79 31.50 3.00 17.56
1 5 1L.00 3.25 19.79 28.50 3.00 17.56
'y 6 17.25 3.25 19.79 25.00 3.50 20.48
T 20.50 3.25 19.79 22.00 3.00 17.56
S 8 24,00 3.50 21.32 18.50 3.50 20.48
- 9 27.25 3.25 19.79 15.75 2.75 16.09
j 10 30.50 3.25 19.79 12.50 3.25 19.02
- 11 33.75 3.25 19.79 9.50 3.00 17.56
12 36.75 3.00 18.27 6.00 3.50 20.48
13 39.50 2.75 16.75 3.25 2.75 16.09
: 13.5 Li.c0 3.00 18.87 - - -
~ _— - _— -
: Average deviation 19.29 18.79 gpm
> Standard deviation 1.13 1.80 gpm
N 12 13
- t 2.201 2.179
- Pump Rate 19.3 + 0.7 18.8 + 1.1 gpm
‘j (73.1 + 2.6 1pm) (T1.2 + 4.2 1pm)
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TABLE B-5.

PUMP TEST 5

Test fiuid: +tap water
Discharge head: 3.76 m
Suction 1ift: flooded
Discharge barrel: 250C2
Suction barrei: 250C1
Elap~ Water Level Rate of Height of Rate of
sed Receiving of Water Pump Water in Level Pump
Time Tank Level Rise Rate Supply Fall Rate
(min)  (inch) (inch/min) (gpm) (inch) (inch/min) (gpm)
0 - - - 45.00 - -
1 ~ - - 41.25 3.75 21.38
2 L.00 - - 38.00 3.25 18.53
3 7.75 3.75 21.95 34k.50 3.50 19.95
L 11.00 3.25 19.02 31.00 3.50 19.95
5 1k.25 3.25 19.02 28.00 3.00 17.10
6 17.50 3.25 19.02 2L.50 3.50 19.95
T 20.75 3.25 19.02 21.50 3.00 17.10
8 2L.00 3.25 19.05 18.00 3.50 19.95
9 27.50 3.50 20.48 15.00 3.00 17.10
10 30.25 2.75 16.09 12.00 3.00 17.10
11 33.50 3.25 19.02 8.75 3.25 18.53
12 36.25 2.75 16.09 5.50 3.25 18.53
13 39.75 3.50 20.48 2.50 3.00 17.10
13.5 L1.50 3.50 20.L48 - - -
Average Deviation 19.1% 19.92 gpm
Standard Deviation 1.63 1.L9 gpm
N 12 13
t 2.201 2.179
Pump Rate 19.1 *+ 1.0 gpm 19.9 + 0.9 gpm
(12.3 + 3.8) (75.3 + 3.4 1pm)
-35-
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O TABLE B-6. PUMP TEST 6

N,

- Test fluid: +tank water
9 Discharge head: 3.79 m

i Suction 1ift: 0.96 m
i Discharge barrel: 250C2
bl
A Water Water Level

2 Height Rise Rate Pump Rate
' Time (inch) (inch/min) (gal/min)
N
o

! . 3 .

- 2 2.00 - -
e 3 5.00 3.00 17.56
- L 8.00 3.00 17.56
e 5 11.25 3.25 19.062
“ 6 1L.00 2.75 16.09
s 7 17.00 3.00 17.56
- 8 20.00 3.00 17.56
-~ 9 23.00 3.00 17.56
95 10 26.00 3.00 17.56
- 11 29.00 3.00 17.56
o 12 32.00 3.00 17.56
o 13 35.00 3.00 17.56
oy 1k 38.00 3.00 17.56
e 15 L1.00 3.00 17.56
- 16 LL.009 3.00 17.56
e - -

o Aversage 17.4 gpm
_'ﬁ\‘ Standard Deviation 0.6 gpm
N 1k

- 1 2,145
S Pump Rate 17.4 *+ 0.3 gpm
o (65.9 * 1.3 ipm)
-

~

N

:.'\
}:

-
X

7

<.

&,

)
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TABLE B-T. PUMP TEST 7T

Test fluid: DFM @ 66 °F ,
Discharge head: 1.83 m N
Svetion 1lift: floceded
Discharge barrel: 250C2
Suction barrel: 250C1

0il 0il Fall Pump 0il 0il Rise Pump
Time Level Rate Rate Level Rate Rate y
(min) (inch) (in/min) (gpm) (inch) {in/min) (gpm)
0 43,50 - - ~ - - D
1 39.50 L.00 2L.36 0.50 - - ;
2 36.00 3.50 21.32 L.75 L.25 2L .87 y
3 32.25 3.75 22.84 7.50 2.75 16.09 .
L 28.75 3.50 21.32 11.00 3.50 20.L48
5 25.50 3.25 19.79 14.25 3.25 19.02
6 22.25 3.25 19.79 17.75 3.50 20.48 3
T 18.75 3.50 21.32 21.00 3.25 19.02
8 15.50 3.25 19.79 2L.50 3.50 20.48 ‘
9 12.50 3.00 18.27 2T7.75 3.25 19.02 by
10 9.00 3.50 21.32 31.00 3.25 19.02
11 6.25 2.75 16.75 34,50 3.50 20.48
12 - - - 37.75 3.25 19.02 N
13 - - - 41.00 3.25 19.02 >
3
Average 20.62 19.75 gpm
Standard Devisaticn 1.99 1.94 gpm i,
N 11 12 ;
t 2.23 2.20 1
Pump rate 20.6 + 1.3 gpm 19.8 + 1.2 gpm b
(78.0 + L.9) (74.9 ¢ L.5 1pm)
~37- 3
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TABLE B-8. PUMP TEST 8

Test fluid: DFM @ 66 °F
Discharge head: 1.83 m
Suction 1lift: flooded
Discharge barrel: 250C2
Supply barrel: 250C1

0il 0il Fall Pump 0il 0il Rise Pump
Time Level Rate Rate Level Rate Rate
(min) (inch) (in/min) (gpm) (inch) (in/min) (gpm)
0 42,75 - - - - -
1 39.25 3.50 21.32 1.00 - -
2 35.75 3.50 21.32 4.50 3.50 20.L48
3 32 3.75 22.84 8.25 3.75 21.95
L 28.5 3.50 21.32 11.75 3.50 20.48
5 25.25 3.25 19.79 15.25% 3.50 20.48
6 21.5 3.75 22.84 18.75 3.50 20.48
3 T 18.25 3.25 19.79 22.25 3.50 20.L48
. 8 ik, 75 3.50 21.32 25.75 3.50 20.48
. 9 11.5 3.25 19.79 29.25 3.50 20.48
k 10 8.25 3.25 19.79 32.75 3.50 20.48
11 5 3.25 19.79 36.00 3.25 19.02
- - -
R;: Average 20.90 20.48 gpm
-3 Standard Deviation 1.1b 0.65 gpm
N 11 10
t 2.228 2.262
- Pump rate 20.9% 0.8 20.5 * 0.5 gpm
. (79.1 * 3.0) (77.6 + 1.9 1pm)
%y
s
-2,
o
o
:E
o
o
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Pa TABLE B-9 PUMP TEST 9
o
2 Test fluid: DFM @ 66°F
> Discharge head: 1.83 m
Suction 1ift: flooded
o Discharge barrel: 250C1
D Supply barrel: 250 C2
s j 0il 0il Fall Pump 0il 0il Rise Pump
1Y Time TLevel Rate Rate Level Rate Rate
(min) (inch) (in/min) (gpm) (inch) {(in/min) (gpm)
N}
X 0 525 - - - - -
< 1 40.50 3.75 21.95 - - =
N 2 36.75 3.75 21.95 L.25 - -
A 3 33.25 3.50 20.48 T.75 3.50 21.32
in 29.75 3.50 20.L48 11.00 3.25 19.79
- 5 26.25 3.50 20.48 1k.50 3.50 21.32
- 6 22.75 3.50 20.48 17.75 3.25 19.79
s 7 19.50 3.25 19.02 21.25 3.50 21.32
y 8 16.00 3.50 20.48 24,50 3.25 19.75
= 9 12.50 3.50 20.48 28.00 3.50 21.32
- 10 9.13 3.38 19.75 31.25 3.25 19.79
k- 11 5.75 3.38 19.75 3L.75 3.50 21.32
» 12 2.25 3.50 20.48 38.00 3.25 19.79
, 13 - - - L1.50 3.50 21.32
- Average 20.48 20.62 gpm
[: Standard Deviation .79 0.76 gpm
N 12 11
- t 2.201 2.228
"y Pump rate 20.5 * 0.5 20.6 *+ 0.5 gpm
J (77.6 + 1.9) (78.0 + 1.9 1pm)
f,.
fl
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APPENDIX C

v’ DETATLED SUMMARY OF OIL RECOVERY TESTS

_i The data collected in the 0il recovery tests and the values for o0il
Y recovery rate and recovery efficiency calculated therefrom is listed in

E Tables C-1 through C-3. Table C-1 lists the data collected from barrel

. 100C1l. Table C-2 lists the data collected from barrel 100F1. The overall
i results are listed in Table C-3,

.% The overall results are listed in the main body of the report. It
5: is worth noting, however, that the results of the second barrel used are
': higher than the results obtained from the first barrel. This is most ob-
. vious in the shortier tests. For example, Test TUR1 showed an 0il recovery
vjz rate of 2.7 gpm (10.2 1pm) and a recovery efficiency of T4% in the first
:; barrel used, 100C1. The second half of that test showed an 0il recovery
;f rate of 3.4 gpm (12.9 1lpm) and essentially pure oil was collected.

% The difference is less noticeable in longer tests. For example, in
f Test TLR2 the 0il recovery rate in the first barrel was 2.3 gpm (8.7 1pm)
'5 with an 0il recovery efficiency of 88%. The second half of that test

o showed an 0il recovery rate of 2.9 gpm (11.0 lpm) with a recovery ef-

I ficiency of 92%.

'.;;

" This may be caused by a time lag for the skimmer to come to steady
; state operations. The effect of lower performance at the start of the

ii test is diluted in the longer tests by the addition of steady stiate opera-
:a tion recovery in the first barrel. Table C-4 shows the differences in

:h statistical results.

o

:

.
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Effect of Belt Speed

The effect of belit speed can only be extracted from the tests using
DFM as the test o0il and conducted in caim water, tests TLR, TLR1, TLR2,
and TLR5. There does not appear to be any trend in recovery efficiency.
There dcoes, however, appear t¢ be a trend in the o0il recovery rate (see

Figure C-1).
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< TABLE C-L, COMPARISON OF STATISTICAL RESULTS
h-.. FOR INTRA-TEST RESULTS

o

\d

Statistical Results of Recovery Efficiency Results

.\ ——————————————————————————————————————————————

~: RE Early RE Late RE Overall

2 0il Condition Tests (%) (%) (%)

‘\ _________________________________________ - -
vy DFM Calm 4 83 + 12 93 + 6 88 + 6

i DFM Waves 4 65 + 9 76 + 5 70 + 7

" JPS Caln 5 89 + 1 95 + 3 93 + 2
b

:: Statistical Results of 0il Recovery Rate¥*

o ORR FEarly ORR Late ORR Overall

0ii  Condition Tests (gpm) (gpm) (gpm)

- DFM Calm 5 2.5 * 0.5 2.9 + 0.6 2.7 + 0.b

. (9.5 + 1.9) (11.0 *+ 2.3) (1¢.2 + 1.5)
™ DFM Waves L 2.4 + 1.0 2.6 + 0.5 2.3 + 0.3
(9.1 *+ 3.8) (9.8 + 1.9) (8.7 + 1.1)
Ay JPS Calm 5 2.2 + 0.5 2.5 *+ 0.4 2.4+ 0.4
o (8.3 + 1.9) (9.5 £ 1.5) (9.1 + 1.5)
T

pos

" * OK Recovery Rate in liter per minute are shown in parentheses.
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APPENDIX D

QA DATA & CALIBRATIONS

Validation of Shipping Scale

Thirty 20-1b weights were available as local standards. The ship-
ping scale was validated using these weights. The steel cylinders were
stacked on the scale as listed in Table D-1 and the weight registered by

the scale was recorded.

Five aluminum blocks were selected and weighed. The individual
blocks were weighed. The results are listed in Table D~2, The 20-1b
weights were then used in combination with the aluminum blocks to obtain
the remainder of the range of the scale. The measurements made at the ex-
tended end of the range is shown in Table D-3. The calibration results are

shown in Figure D-1.

Recovery Barrel Calibrations

Recovery Barrels--

Two barrels were used to collect received fluids. Both barrels have
a nominal capacity of 100 gallons (378 1). One barrel had a flat bottom;
the second had a conical bottom. A volume of tap water was put into the
barrel. The weight of the barrel and contents was then weighed and the
height of water measured. The weight and height were recorded. The watler
was sampled and the specific gravity was determined. The weight of the
water and the specific gravity were used to determine the voiume of the
contained liquid. As shown in Tables D-4 and D-5. The data were subjected N
to least squares regression to obtain the height-volume relationship as

shown in Figures D-2 and D-3.
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o TABLE D-1. VALIDATION OF SHIPPING SCALE
W
,: Applied Measured
N No. of Weight Weight
Weights (1v) (1b)
Fa,
" 0 0 0
N 1 20 20.25
s 2 Lo LC.00
3 6G 6G.00
o, L 8¢ 80.00
‘S: 5 1C0 100.00
) 6 120 120.00
") 10 200 200.00
> ) 15 300 300.00
20 Loo 399.75
25 500 500.00
28 560 560.00
30 6C0 600.00

TABLE D-2. WEIGHTS OF ALUMINUM BLOCKS

- Measured

. Block Weight

= Identification (1b)

~ -

. A 112

. B 110

I D 111

i E 11k

N Sum 560

-f'
N TABLE D-3. EXTENDED VALIDATION

Cd

‘; Applied Measured
ohd Additional Weight Weight
E Weights* (1b) (1b)
- 0 560.25 560.25
- 2 600.25 60C.25
D T 700.25 760.00

i2 80C.25 800.25
~ 17 90G.25 960.00
" 22 1000.25 1600.00
.0 o7 1100.25 1100.00
‘s
* Number of 20-1b weights used in addition teo all of the aluminum blocks

J (A through E). Tt is assumed that the aluminum blocks weigh
) exactly 560.25 1b.

>
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Figure D-]. The results of the shipping scale calibraticn are shown above
along with the least squares regression line. The regression
results were

y = 1.0003 x -0.063, r = 1.6, Syx = 0.095, X = 432 1b

where y = applied weight and x = measured weight.
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Figure D-2. The shipping scale was used to determine the volume-height
relationship for the flat bottom barrel. The bottom of the
barrei is the datum plane.
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- Figure D-3. The shipping scale was used to determine the volume-height
relationship of the 100-gasllon conical bottom barrel. The
> datum plane for this barrel was defined as the top of the cone.
N The volume of the cone is therefore the intercept in the
:’ regression line.
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o e oW Ne mL WG N e Wl "t N N T A o P R R o Y WU L Pt S o

va
u
(' §
.'9
&
‘} Barrel ID 100F1 100C1
L Intercept -0.21 5.95 galion
! Silope 2.60 2.92 gallen/inch
2 r® .9999 0.9995
h]
)
Y
' The coefficient of correlation in each case demonsirates that the
barreis maintain uniform cross section as the liquid is added. These
regression results were used to convert depth soundings to volumes in the
calculation of 01l recovery rates and recovery efficiencies.
. Pump Test Barrels--
- Twe larger barrels were used in tests to determine the pump rate and
: bladder storage capacity. These barrels had a nominal capacity of 25C gal-
K
S lons (946 liter). The calibration of these barrels followed the same pro-
cedure as the 100-gallon barrels. The maximum capacity of the shipping
'
{: scale, 1200 1b (545.5 Kg), prevented full calibration. Water was added
Sf through a depth of 15 inch (381 mm) to determine the tank constant, volume
\: per unit depth. It is assumed from earlier calibrations that the barrels
; remain uniform in cross section and therefore have a constant volume per
N unit depth. The data collected was subjected 1o a least squares regression
- (see Table D-6 and D-T) to determine the constants.
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TABLE D-8,

CALIRRATION OF SHIPPING SCALE

y X
Number Applied Measured
cf Weight Weight
Weights (1b) (1) x2 y2 Xy y'
C 0 0.00 0 0 0 0.06
1 20 20.25 410 Loo Los 20.19
2 Lo 40.00 1600 1600 1600 39.95
3 60 60.00 3600 3600 36C6 59.95
L 80 80.00 6400 6400 6Lc0 79.96
5 160 100.00 10000 10060 10000 99.97
6 120 120.00 14400 14ko0 14500 119.97
10 200 200.00 L0o0oo L0000 Loooc 200.00
15 300 300.00 90000 90000 90000 300.02
20 Loo 399.75 159800 160000 1599006 399.80
25 500 500.00 250000 250000 250000 500.08
28 560 56C.00 313600 313600 313600 56C.10
30 600 600.00 360000 360000 360000 600.11
G 560.25 560.25 313880 313880 313886 56G.35
2 600.25 600.25 360300 360300 360300 600.36
7 700.25 700.00 490000 490350 490175 700.1k
12 800.25 8C0.00 640000 640400 640200 800.17
17 900.25 900.00 810000 81ckL50 810225 900.20
22 1000.25 1600.00 1000000 1000500 1000250 1000.23
27 1160.25 1100.00 1210000 1210500 1210275 1100.26
Total 86L41.75 86L0.5 6073990 6676430 60675210
N = 20
A =  0.065295 1b measured
B = 1,000290 1b measured/l1b applied
R2 = (0,999999
Syx = 0.09k853
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APFENDIX E

LABORATORY ANALYSES

PHYSICAL PROPERTIES OF TEST OILS

The physical properties of the test ¢oils was determined prior to
dying the ¢0il and after the dye addition. The dye was added after the
second test. The dye was added to make the observation of the o0il more

distinct. The dye addition did not alter the physical properties of the

test o0ils within measursble limits.

The viscosity measurements of the oil prior to dying are given in
Taeble E-1., These were made using a Brookfield Viscometer (Model LVT). The
other physical measurements are listed in Table E-2 (the physical
properties of the dyed test oil are listed in Tables E-3 and E-L). Bottom
solids and water are measured using method outliined in ASTM 1796. Specific
gravity was measured using a calibrated hydrometer follewing the specifica-
tions feund in ASTMD 1298. The filashpoints listed are the closed cup
flashpoints. These were determined using s Fisher/Tag closed cup tester
and procedures outlined in ASTM D-%6, Surface and interfacial tensions
were measured using Fisher Surface Tensicmet and procedures outlined in

ASTM D-9T1.
WATER CONTENT
The relative water content in the stratified samples were analyzed

with ASTM 1796 with the variation noted in the test. The values determined
by this method are listed in Table E-5.




3
:? TABLE E~1., VISCOSITY MEASUREMENTS OF THE TEST OILS
. PRIOR TO DYEING *1
JI
)
i DFM JP5
) Temperature Viscosity Viscosity
% (c) (cSt) (cSt)
A
v“
26 L.3 5.k
37 L.k 5.6 .
50 3.8 L.9
. #]  Physical properties reported as OHMSETT lab report 969.
‘: TABLE E-2. OTHER PHYSICAL PROPERTIES OF THE TEST OILS
: PRIOR TO DYEING *1
W
'.4‘
.j JP5 DFM
-
- Bottom Solids and Water ¢.01 v/o .01 v/o
’ Specific Gravity @ 26C 0.812 0.840
b Specific Gravity @ 37C 0.805 0.833
5 Flashpoint 137TF (58C) 168F (T6C)
-, Surface Tension @ 26C 28.2 dyne/em 30.9 dyne/cm
Interfacial Tension @ 26 C 19.8 dyne/cm 21.7 dyne/cm

over Tank Water

-t

A

*¥1 Physical properties reported as OHMSETT lab report 969.

-
& &

N N N N
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TABLE E-3. VISCOSITY MEASUREMENTS OF THE TEST OILS
AFTER DYEING ¥*1

DFM JPS
Temperature Viscosity Viscosity

(c) (cSt) (cSt)
20 - 4.0
36 - L.o
36 - 4.0
23 6.6 -
37 6.2 -

TABLE E-4, OTHER PHYSICAL PROPERTIES OF THE TEST 0ILS
AFTER DYEING *1

JP5 DFM

Bettom Solids and Water 0.01 0.01 v/o
Specific Gravity @ 20C - 0.813
Specific Gravity € 36C - 0.807
Specific Gravity @ 23C 0.839 -

Specific Gravity @ 37C 0.831 -

Surface Tension 29 29
Interfacial Tension @ 26 C 23 22

over Tank Water

*1 Physical properties reported as OHMSETT lab reports 972, 975
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TABLE E-5. SUMMARY OF WATER CONTENT DETERMINATIONS

Test Relative Average*]l
No. & Sample Water Wwater Water
Barrel Sample Volume Volume Content Content
1D No. (m1) (m1) (%) (%)
T3C 1 93 +2 15.06 #1.02 16.19 #1.L
T3C 2 92 2 9,01 *G.32 9.79 *0.6 12.99 +*1.k4s5
T3F 1 Lo +1 6.8 0.3 16.19 #1.1
T3F 2 Ls +1 8 +0.3 17.78 +1.1 16.98 +1.10
T3R1C 1 69 +2 +0,0L 0.00 *0.1
T3R1C 2 69 *2 0.2 +0.0bL 0.29 0.1 0.14 *0.07
T3R1F 1 81 =2 8 +0,32 9.88 0.6
T3R1F 2 81 #2 9.1 +#0.32 11.23 *0.7 10.56 +0.67
T3R2C 1 Th 2 0.5 +0.0L 0.68 0.1
T3R2C 2 T4 2 0.2 0.0L 0.27 0.1 0.47 *0.07
T3R2F 1 66 *2 6 +0.32 9.09 *0.8
T3R2F 2 70 2 6 +0,32 8.57 *0.7 8.83 #0.76
T3RC 1 L2 +1 7 +0.3 16.67 +*1.1
T3RC 2 L3 +1 6 +C.3 13.95 #1.0 15.31 +1.11
T3RF 1 66 *2 8 +0.32 12.12 *0.9
T3RF 2 63 2 8.1 *0.32 12.86 *0.9 i2.49 *0.92
TLC 1 93 +2 0.2 *0.04 0.22 *0.0*
ThC 2 100 #*2 15.5 +1.02 15.50 +1.3
TUC 3 97 2 16.1 #1.2 16.60 +1.6 16.05 +1.58
TLF 1 gL 2 10 +0.32 10.64 *0.6
TLF 2 gl +2 8.4 +0.32 8.9L4 *0.5
TLF 3 100 #*2 8.3 +8.30 8.30 *0.5 9.29 *0.57
TLR1C 1 75 #*2 14.07 *1.02 18.76 *1.9
TLR1C 2 70 2 15.02 +1.02 21.46 +2.1
TLR1C 3 76 2 .02 *+0.0L 0.03 *0.1% 20.11 *2.07
TLR1F 1 TG 2 C.b +0.0U4 0.57 %0.1
TLR1F 2 69 +2 0.16 +0.0k 0.23 0.1
TLR1F 3 75 #2 0.34 0.0k 0.45 *0.1 ¢c.Lo +0.07
Continued
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TABLE E-S5. (CONTINUED)

b e

Test Relative Average¥*]
No. & Sample Water Water Water
Barrel Sampie Volume Volume Content Content
1D No. (m1) (m1) (%) (%)
TLR2C 1 71 =2 G.2 *0.0L 0.28 0.1
. TLR2C 2 T1 #2 0.16 *0.0L4 0.23 *0.1
TLR2C 3 7C *2 0.12 +0.0L 0.17 *0.1 0.23 +0.06
TLROF 1 92 *2 9.01 *0.32 9.79 *0.6
TLR2F 2 91 *2 8.03 *C.32 8.82 +0.5
TLR2F 3 87 *2 5,02 (.32 5.77 0.5 8.13 *0.56
TLR5C 1 T2 2 0.1 *0.04 0.1k +0.1
TLR5C 2 T2 2 c.1 *0.0L 0.1k #¢.1
TLR5C 3 73 *2 0.2 *0.04 0.27 0.1 .18 *06.06
TLRSF 1 85 12 T +0.32 8.24 1¢.6
TLRSF 2 83 2 7 +0,32 8.4k3 *0.6
. TLRSF 3 83 2 5 .22 6.02 *0.b 7.56 +0.59
TLRC 1 85 2 1.65 +G.0L 1.94% 0.1
TLRC 2 84 +2 1.61 *0.04 1.92 0.1
TLRC 3 88 2 1.41 :0.0L 1.60 #0.1 1.82 +0.09
. TLRF 1 85 2 7.5 #0.32 8.82 0.6
. TLRF 2 8L 2 T +0.32 8.33 0.6
TLRF 3 81 2 6.6 0,32 8.15 *0.6 8.4L +0.60
T5C 1 85 +2 o} +G.0L 0.00 *.0
T5C 2 86 t2 o} +0.0L 0.00 .0
, T5C 3 88 2 0.k +0.0L 0.U5 0.1 0.15 *0.06
; TSF 1 81 +2 6 +0.32 T7.41 0.6
_ TSF 2 19 *2 5.5 0.32 6.96 *0.6
3 TSF 3 B0 #*2 6 (.32 7.50 +0.6 7.29 *0.59
T5R1C 1 86 +2 0 +0.,0k 0.00 *.0
T5R1C 2 80 + 3 +0.0L 3.75 *0.1
T5R1C 3 82 2 3 +C.0L 3.66 0.1 2,47 +0.1k
. TSR1F 1 80 2 0.7 +0.0kL 0.88 +0.1%
TSR1F 2 83 2 2.7 *0.0L 3.25 0.1
TSR1F 3 82 2 3 +0.0L 3.66 0.1 3.46 +0.1k4
i Continued
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¥ TABLE E-5. (CONTINUED)
™
~ Test, Relative Average*1
A No. & Sample Water Water Water
;! Barrel Sample Volume Volume Content Content
) ID No. (m1) (m1) (%) (%)
TS5R2C 1 59 *2 0 +0.0L 0.00 #0.1
Y TS5R2C 2 59 2 0 +0.0k 0.00 #0.1
N T5R2C 3 6L 2 0  *0.0L 0.00 *0.1 0.00 *0.07
Fal
» TSR2F 1 67 *2 2 +0.0L 2.99 *0.1
TSR2F 2 65 +2 1.7 *0.0L 2.62 0.1
TSR2F 3 68 *2 1.8 *0.04 2.65 0.1 2.75 +0.15
T5R3C 1 65 %2 1.3 +0.0k 2.00 0.1
TSR3C 2 6L 12 1.3 *0.04 2.03 0.1
TSR3C 3 70 *2 1.3 *0.04 1.86 *0,1 1.96 *0.13
= TSR3F 1 59 2 3 +0.0k 5.08 *0.2
. TSR3F 2 59 2 3.5 +0.04 5.93 *0.3
. T5R3F 3 60 *2 3.5 *0.0L 5.83 $0.3 5.62 *0.27
TSRC 1 71 *2 0.2 *0.04 0.28 0.1
. TSRC 2 T0 *2 0  *0.0k 0.00 #0.1
TSRC 3 70 *2 0 +0.0h 0.00 *0.1 0.09 *0.06
TSRF 1 73 *2 3.5 0,22 4,79 0.k
- TSRF 2 82 #2 1.2 *0.0k 1.46 0.1
3 TSRF 3 81 *2 1.7 *0.0b 2,10 0.1 2.79 *0.43
' T8C 1 Th +2 6.51 +0.32 8.80 *0.7
», T8C 2 75 +2 8 +0.32 10.67 *0.7
% T8C 3 T2 *2 3 :0.22 L.17 0.4 7.88 :0.71
- TLC 1 93 +2 0.2 +0.0k4 0.22 +,0%
K TLC 2 100 2 15.5 +1.02 15.50 #1.3
; ThC 3 97 +2 16.6 1.2 17.11 1.6 16,31 *1.59
- TLF 1 gl +2 10.L  £0.32 11.06 *0.6
2 TLF 2 103 #3 7.8 $0.32 T.5T 0.5
. TLF 3 81 *2 6.6 0.32 8.15 +0.6 8.93 *0.60

* Data point labeled as outlier.
#%] Frror given as maximum of values in set
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